Novel primaquine-derived antimalarials have been extensively characterized by electrospray ionization-ion trap mass spectrometry (ESI-MS). Experiments by in-source collision-induced dissociation (CID) in the nozzle-skimmer region (NSR) or by tandem mass spectrometry (MS/MS) are shown to be most valuable tools for the physico-chemical characterization of these 8-aminoquinolinic drugs that also bear the biologically relevant imidazolidin-4-one scaffold. It was possible to find parallelism between compound stability in the NSR and its reactivity towards hydrolysis at physiological pH and T. Moreover, MS/MS fragmentation patterns were characteristic for each family, providing a means for structural distinction of isomers and allowing interesting correlations to be found between the relative abundance of particular fragments and relevant structure-activity determinants, such as the Charton steric parameter, n. In conclusion, this work provides a solid ground for establishing ESI-MS as a key tool for the physico-chemical characterization of biopharmaceuticals bearing the 8-aminoquinoline and/or the imidazolidin-4-one moieties.
Since the technique was introduced by yamashita and fenn in 1984, 1 electrospray ionization mass spectrometry (ESI-MS) has been increasingly applied to the study of drugs, either from a natural or a synthetic origin. Structural information on drugs has been obtained by cone voltage fragmentation with a single MS instrument, collisionally induced dissociation (cID) with triple quadrupole MS instruments, MS n techniques using quadrupole ion-trap (QIt) instrumentation and time-of-flight mass spectrometry (tof-MS). 2 However, these studies are often only targeted at the structural analysis of the drugs, without any further attempts to correlate drug fragmentation patterns with other physico-chemical characteristics of the drugs. Despite drug degradation pathways under the ESI-MS analysis conditions being quite different from those occurring in the condensed state at mild conditions, as in aqueous media at physiological pH and T, the qualitative assessment of eventual parallelisms between both situations is of the utmost importance for drug analysis and stability predictions. action of 8-AQ against sexual stages of the malaria parasite also makes them the drugs of choice for malaria-transmissionblocking activity. 3 Primaquine (1, PQ), however, cannot be used in patients having glucose-6-phosphate dehydrogenase deficiency as it causes hemolytic anemia 4 and is affected by low oral bioavailability mainly due to its extensive conversion into inactive carboxyprimaquine, by oxidative deamination. 5, 6 Previous research devoted to minimize these problems was based on PQ acylation with amino acids and oligopeptides, which led to some progress in the drug's therapeutic profile. [7] [8] [9] [10] [11] [12] [13] However, amino acids and peptide derivatives of PQ are rapidly hydrolyzed to PQ by aminopeptidases and endopeptidases, 10, 12 suggesting that they might undergo extensive hydrolysis to the parent drug in the GI tract when given orally. over the last five years, we have been working on peptidestable derivatives of PQ obtained by acylation of its primary amino group with an amino acid to yield a-aminoamides such as 2 or 3, which are then converted into imidazolidin-4-ones such as 4 or 5 by reaction with a carbonyl compound. [14] [15] [16] [17] Some of these imidazolidin-4-ones were found to inhibit the development of the sporogonic cycle of Plasmodium berghei malaria as efficiently as the parent drug, 15 while being highly stable both in human plasma and isotonic buffer. 14, 15 further, these compounds were recently found to be active against both Pneumocystis carinii and the chloroquine-resistant Plasmodium falciparum W2 strain, in the µM range. 18 taking 4 and 5 as leads, we set out to prepare peptidomimetic derivatives of PQ 6-8, whose structures can be regarded as mimetics of PQXaaPro/PQProXaa a-aminoamides such as 3. 19,20 compounds 8 were recently found to be highly stable at physiological pH and T, while being active against the Plasmodium falciparum W2 strain and efficiently inhibiting the development of the sporogonic cycle of Plasmodium berghei. 20 In turn, compounds 6 and 7 were found to be potentially useful as PQ prodrugs. 19 Given the relevance of compounds 4-8 as prospective pharmaceuticals, we have recently developed a methodology for further physico-chemical characterization of the title compounds by means of ESI-MS techniques. 21, 22 our aim was to get a deeper insight into the structural features of drug-derived structures bearing both the imidazolidin-4-one and the 8-AQ scaffolds, as similar studies are scarce in the literature. Moreover, the most relevant examples of analytical studies focused on PQ and related structures [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] are essentially focused on compound separation/ identification, with very few examples where MS fragmentation studies are the core of the reported work. therefore, the present is a brief report on the comparative study of the aforementioned families of PQ-derived imidazolidin-4-ones (4-8) by ESI-MS fragmentation techniques, and on the search for possible correlations between ESI-MS data and other known properties for these compounds. Both the parent drug (PQ, 1) and other PQ imidazolidin-4-ones with additional structural changes, such as acetylation of secondary amino groups (9, 10) or modification of the quinoline ring (10) were included in the study for an assessment of their effect on compound's properties.
Experimental

Synthesis of the imidazolidin-4-one derivatives
the synthesis and spectral characterization of compounds 4-10 have been reported elsewhere. 14, 20, 21, 42 PQ derivatives 4g and 5e, as well as imidazolidin-4-one 11, were successfully prepared by similar methods, respectively, from PQ and from 2-tert-butyl-primaquine (BPQ), the latter prepared as previously described in the literature. 43, 44 Instrumentation and analytical conditions ESI-MS studies on all compounds were achieved using a finnigan Surveyor LcQ DEcA XP MAX quadrupole ion trap mass spectrometer (San José, cA, uSA), utilizing ESI. In the ESI source, nitrogen sheath gas flow was maintained at 20 psi, the capillary temperature was set to 275ºc and the spray voltage was set to 5 kV. capillary voltage was of 15 V and the tube lens voltage was of 30 V. the instrument was calibrated with caffeine (Aldrich), MrfA (tetrapeptide, thermo finnigan), ultramark 1621 (Lancaster) in the mass range of 195-1821.
to induce sample fragmentation, two processes were used: in-source collision-induced dissociation (cID) in the nozzleskimmer region and tandem mass spectrometry (MS/MS). for full details see references. 21, 22 Briefly, in the first process, fragmentation is induced by colliding sample ions with the background gas in the intermediate-pressure region of the ESI interface. this region is also called "nozzle-skimmer" and pressure gas is about 10 -1 mbar. Increasing the voltage between the nozzle and the skimmer (Vs cID) increases the kinetic energy of the ions passing through this region. this raises the energy of collision between the ions and background gas, eventually causing fragmentation. 45 MS/MS occurs at the high vacuum region of the mass analyzer; the ion of interest is isolated within the ion trap by ejecting all other ions out of the trap. then, this ion is accelerated, by applying a high-frequency Ac voltage, and collides with a collision gas. the fragmentation ions generated are then detected by a mass scan. 45 the collision energy needed to achieve optimum fragmentation efficiency has been shown to follow a linear correlation with m/z. the normalized collision energy (NCE) principle automatically compensates for this mass dependency. 46 NCE levels of 10%, 20%, 30% and 40% were tested to establish the optimal NcE value that would allow, through MS 2 spectra, analyzing the structural stability of the sample, as this parameter has been used to predict drug metabolites at given NcE values as recommended by the MS manufacturer (25% or 30%). 46, 47 All spectra were only obtained in positive ionization mode, as compounds under study (basic nitrogen-containing molecules) are barely detectable in the negative ionization mode. Data were collected and analyzed by using the Xcalibur software developed by thermofinnigan.
Sample preparation and injection
Degassed methanolic solutions of the compounds, containing 0.1% acetic acid, were infused into the ESI probe at a rate of 3 µL min -1 . Inclusion of methanol to prepare samples was necessary to obtain good electrospray behavior. 48 for those derivatives bearing the amino acid methionine (4g, 6e and 8f), samples were also prepared in degassed acetonitrile and re-analyzed, to check the identity of methanol adducts detected in the previous analyses (cf. the section on In-source cID spectral analyses).
Results and discussion
In-source CID spectral analysis Previous comprehensive ESI-MS fragmentation studies on compounds 4 have revealed that acetone-derived imidazolidin-4-ones, especially smaller ones (r 1 = H, Me), are clearly more "fragmentable" in the NSr than those derived from cyclic ketones. 21 this has now been confirmed with compounds 4g (PQMetAcetone, r 1 = (cH 2 ) 2 SMe) and 5e (PQAlac6, r 1 = Me), not included in that previous work. While at high voltages one could observe two major fragmenta-two major fragmentations of 4g leading to peaks at m/z 175 (6-methoxy-8-aminoquinoline, MAQ) and m/z 132 (7,8-dihidroquinoline, DHQ), as previously reported for other compounds of the same series, 21 the in-source cID spectrum of compound 5e exclusively exhibited peaks from species [M + Na] + and [2M + Na] + . the same general behavior in the NSr was found for the remaining series of PQ-derived imidazolidin-4-ones, that is, for compounds 6-8, as predominant species on the in-source cID spectra were basically the quasi-molecular ions of the original compound, [M + H] + , its sodium adduct, [M + Na] + , its dimer [2M + H] + , or the sodium adduct of the latter, [2M + Na] + , with major fragmentations corresponding to the release of MAQ (m/z 175) or DHQ (m/z 132). 22 An interesting observation concerning the behavior of compounds 4-8 in the NSr was the parallelism found between compound resistance to collision-induced fragmentation and PQ-derived imidazolidin-4-ones (4-8) by ESI-MS fragmentation techniques, and on the search for possible correlations between ESI-MS data and other known properties for these compounds. Both the parent drug (PQ, 1) and other PQ imidazolidin-4-ones with additional structural changes, such as acetylation of secondary amino groups (9, 10) or modification of the quinoline ring (10) were included in the study for an assessment of their effect on compound's properties.
their stability to hydrolysis at physiological pH and T. for instance, if we take the in-source cID spectra of compounds 4d (PQPheAcetone, r 1 = Bzl) and 8g (PQGlyAcetonePhe, r 1 =H and r 2 = Bzl) at 100 V (figure 1), we can see that 4d is clearly less stable than 8g in the NSr. Now, taking their behavior in isotonic buffer at physiological pH and T, 15, 16, 19 we find exactly the same trend. this strongly suggests that in-source cID spectra might work as a predictive tool for compound reactivity towards hydrolysis under physiological conditions.
We could also detect the minor formation, in the NSr, of dimeric structures derived from compounds 4, 5 and 8, in this last case corresponding to the bonding of two identical monomers bridged by a methylene group (m/z = 2 × m/z [M + H] + + 12). 21, 22 these findings are strikingly in line with reports from Mcchesney and co-workers, who have identified minor dimeric metabolites of PQ produced by Streptomyces rimosus and Candida tropicalis, where two molecules of N-acetyl-PQ are bound together through either a direct biphenyl-like bridge between both quinoline c-5 carbons or a methylene brigde between those same quinolinic carbons. 49, 50 Interestingly, compounds bearing the amino acid methionine (4g and 7e) presented in-source cID spectra with an additional peak at m/z = m/z [M + Na] + + 32 [(figure 2(a)] when the samples were prepared in methanol. Ascribing such peaks to methanol adducts is the most obvious interpretation. Adduct formation must involve the Met sulphur atom, as identical adducts were not observed for any compounds where Met was absent. In fact, oxidative formation of covalent Met adducts with aromatic moieties, for example, catechols 51 3,5-dibromo-4-nitrosobenzenesulphonic acid 52 have been reported. An alternative explanation for the peak at m/z = m/z [M + Na] + + 32 would be Met oxidation in the course of the in-source cID experiments, as oxidation of the Met thioether to a sulfone is a current phenomenon in vivo, [53] [54] [55] [56] which is also chemically or photochemically inducible. 57 to check which hypothesis was the correct one, new samples were prepared in acetonitrile and their spectra obtained, which allowed observing the disappearance of the m/z = m/z [M + Na] + + 32 peak [figure 2(b)], providing the proof that this was in fact due to formation of methanol adducts.
Another relevant aspect about the physicochemical properties of the title compounds, which could be traced by ESI-MS analysis in the NSr, concerned the presence or absence of ionizable (proton-donating) amino groups in the analyzed structures. Ionizable groups/hydrogen-bonding pairs are known to play key roles in many chemical and enzymatic reactions. In the case of PQ-derived imidazolidin-4-ones, we set out to analyze the effect of blocking one or both secondary amino groups in structures 4. this was done by acetylation of one or both the relevant secondary amines in 4a (PQGlyAcetone, r 1 = H) to, respectively, yield structures 9 and 10. N-acetylation led to an increase in compound stability towards collisioninduced dissociation in the NSr, as depicted for compound 10 in figure 3 , where only the sodium adduct of the quasimolecular ion of the original species, [M + Na] + , or its dimer, [2M + Na] + , were seen as predominant species at voltages from 10 V to 100 V.
MS/MS analysis
General fragmentation pathways and application to isomer identification MS/MS analysis was tested at four different NCE, which detected that all imidazolidin-4-ones underwent visible fragmentation only at NCE ≥ 30%, corroborating the high stability observed in the NSr (see the section on In-source cID spectral analysis)). Moreover, all compounds studied, with the exception of 8 and 10, had loss of MAQ 21, 22 as the most relevant fragmentation, as the base-peak of all MS 2 spectra was invariably observed at
In the case of MS 2 spectra of 8 at NCE = 30%, the basepeak was invariably found at m/z=300, independently of the exact structure of the compound, i.e. of the identity of substituent groups r 1 and r 2 . this was a very important finding, as it constitutes a major difference between compounds 8 and their isomers 6, showing that ESI-MS 2 analysis of these kinds of structure may become a useful tool for isomer identification. the rationale for the different behavior of compounds 6 vs 8 was based on the disruption of the imidazolidin-4-one ring of 8 to yield the iminium ion trend. This strongly suggests that in-source CID spectra might work as a predictive tool for compound reactivity towards hydrolysis under physiological conditions. pgbd0315MeOH #50 RT: 1.36 AV: [M+H] +
[M+H] + Figure 1 . In-source CID spectra at 100 V of 4d (left) and 8g (right). Compound 4d has t 1/2 =31 days in isotonic buffer at pH 7.4 and 37 ºC, whereas 8g does not suffer any detectable degradation under identical conditions. 15, 16, 19 We could also detect the minor formation, in the NSR, of dimeric structures derived from In-source CID spectra at 100 V of 4d (left) and 8g (right). Compound 4d has t 1/2 = 31 days in isotonic buffer at pH 7.4 and 37°C, whereas 8g does not suffer any detectable degradation under identical conditions. 15, 16, 19 12 (Scheme 1) that readily undergoes a cyclization-elimination reaction to produce the detected propyliminium ion 13 and a neutral diketo piperazine (DKP, 14) . this fragmentation pathway is similar to that described as the "diketopiperazine pathway" for MS/MS backbone fragmentations of oligopeptides [58] [59] [60] [61] [62] [63] [64] [65] [66] and, as mentioned before, can be regarded as a valuable instrument for unequivocal distinction between terminal (6, PQXaaPro mimetics) and "internal" (8, PQProXaa mimetics) imidazolidin-4-one isomers. 22 Levels of unfragmented original species and application to stability predictions Another analyzed parameter was the relative abundance of the original (unfragmented) species still detected on MS 2 spectra at NcE = 30% for those compounds sharing identical major fragmentation phenomena (loss of MAQ or 2-t Bu-MAQ). As shown in table 1, both the parent drug, 1, and its 2-tert-butyl derivative, BPQ, were quantitatively fragmented under these conditions ( figure 4) , therefore being the least stable of the set. on the other hand, their imidazolidin-4-one derivatives followed the stability order 11 > 4 > 6. this ranking agrees with our findings on the relative stability of compounds 4 and 6 towards hydrolysis at physiological pH and T, 15, 16, 19, 20 again suggesting that ESI-MS fragmentation behavioral patterns might work as a predictor tool for compound stability in aqueous media. Interestingly, while insertion of the 2-tert-butyl substituent in PQ did not seem to exert any stabilizing effect, the opposite was found when considering the corresponding imidazolidin-4-one derivatives 11 and 4a. Although the physico-chemical meaning of such a difference is not evident, 11 is clearly more stable towards fragmentation than 4a (figure 5). compounds 8 had a markedly different major fragmentation pathway and, therefore, were excluded from this evaluation. In the case of the acetyl derivatives 9 and 10, these were practically intact at NCE 30% (relative abundance of the original species≈100%), reinforcing that N-acetylation produces highly stable molecules.
correlation between imidazolidin-4-one ring stability in MS/MS and useful physicochemical descriptors
In our most recent work on compounds 8 as PQProXaa mimetics, we came across a striking observation concerning the fact that the relative abundance of an important MS 2 -fragment was inversely proportional to the size of the side chain in the variable amino acid Xaa. 22 this was reflected by a perfectly linear correlation (y = -0.66n + 2.33; r 2 = 0.997, n = 5) between the logarithm of the fragment's relative abundance (y) and the charton parameter, n, 67 associated to the side chain of each different Xaa. 22 these findings prompted us to engage into an empirical search for other correlations between MS 2 -fragmentation behavior of the other two families of PQ imidazolidin-4-ones, namely, PQPro mimetics (represented by series 4 and 5) and PQXaaPro mimetics (represented by series 6 and 7) with relevant physico-chemical descriptors. results obtained are described below.
Imidazolidin-4-one ring opening in PQPro mimetics
In order to establish a parallel for imidazolidin-4-one ring opening in aqueous media, 16 we set out to explore the extent of MS 2 -induced ring opening on a series of compounds 5, taken 
b) levels of unfragmented original species and application to stability predictions
Another analysed parameter was the relative abundance of the original (unfragmented) species still detected on MS 2 spectra at NCE=30% for those compounds sharing identical major fragmentation phenomena (loss of MAQ or 2-t Bu-MAQ). As shown in Table 1 , both the parent drug, 1, and its 2-tert-butyl derivative, BPQ, were quantitatively fragmented under these conditions (Figure 4) , therefore being the least stable of the set. On the other hand, their imidazolidin-4-one derivatives followed the stability order 11>4>6. This ranking agrees with our findings on the relative stability of compounds 4 and 6 towards hydrolysis at physiological pH and T, 15, 16, 19, 20 again suggesting that ESI-MS fragmentation behavioural patterns might work as a predictor tool for compound stability in aqueous media.
Interestingly, while insertion of the 2-tert-butyl substituent in PQ did not seem to exert any stabilizing effect, the opposite was found when considering the corresponding imidazolidin-4-one derivatives 11 and 4a. Though the physicochemical meaning of such difference is not evident, 11 is clearly more stable towards fragmentation than 4a ( Figure 5 ). 
ESI-MS Characterization of Novel Primaquine Peptidomimetic Derivatives
as representative of PQPro mimetics. this series was chosen to include different amino acids whose side chains (r 1 ) are associated to distinct values of the charton steric parameter, n. Previous studies have shown that protonated PQ imidazolidin-4-ones undergo ring opening in aqueous buffers at 60ºc in a fashion similar to the first step on Scheme 2, 16 which was recently confirmed for compounds 6 and 7. 19 therefore, we hypothesized that such ring opening could easily occur in the course of MS 2 -fragmentations, being followed by ammonia loss to yield ion 15. this hypothesis was based on the fact that ammonia loss is a common phenomenon on MS n -induced fragmentations of peptides and amino acid derivatives [68] [69] [70] including those bearing Xaa-Pro moieties. 71 Indeed, every MS 2 spectrum of the compound series analyzed displayed a peak compatible with structure 15, which reinforced our assumption. consequently, we considered that the abundance of 15 could reflect the compound's relative stability and be used to find any correlation between compound stability and structure. the log of the relative abundance of 15 was represented against the value of n associated to each r 1 (table 2), resulting in the perfectly linear correlation displayed on figure 6. Compounds 8 had a markedly different major fragmentation pathway and, therefore, were excluded from this evaluation. In the case of the acetyl derivatives 9 and 10, these were pgbd0314MeOH #79 RT: 2. imidazolidin-4-one derivatives followed the stability order 11>4>6. This ranking agrees with our findings on the relative stability of compounds 4 and 6 towards hydrolysis at physiological pH and T, 15, 16, 19, 20 again suggesting that ESI-MS fragmentation behavioural patterns might work as a predictor tool for compound stability in aqueous media. Interestingly, while insertion of the 2-tert-butyl substituent in PQ did not seem to exert any stabilizing effect, the opposite was found when considering the corresponding imidazolidin-4-one derivatives 11 and 4a. Though the physicochemical meaning of such difference is not evident, 11 is clearly more stable towards fragmentation than 4a ( Figure 5 ). Compounds 8 had a markedly different major fragmentation pathway and, therefore, were excluded from this evaluation. In the case of the acetyl derivatives 9 and 10, these were practically intact at NCE 30% (relative abundance of the original species≈100%), reinforcing that N-acetylation produces highly stable molecules. imidazolidin-4-one derivatives followed the stability order 11>4>6. This ranking agrees with our findings on the relative stability of compounds 4 and 6 towards hydrolysis at physiological pH and T, 15, 16, 19, 20 again suggesting that ESI-MS fragmentation behavioural patterns might work as a predictor tool for compound stability in aqueous media. Interestingly, while insertion of the 2-tert-butyl substituent in PQ did not seem to exert any stabilizing effect, the opposite was found when considering the corresponding imidazolidin-4-one derivatives 11 and 4a. Though the physicochemical meaning of such difference is not evident, 11 is clearly more stable towards fragmentation than 4a ( Figure 5 ). Compounds 8 had a markedly different major fragmentation pathway and, therefore, were excluded from this evaluation. In the case of the acetyl derivatives 9 and 10, these were practically intact at NCE 30% (relative abundance of the original species≈100%), reinforcing that N-acetylation produces highly stable molecules.
Correlation between imidazolidin-4-one ring stability in tandem-MS and useful physicochemical descriptors
In our most recent work on compounds 8 as PQProXaa mimetics, we came across a striking observation concerning the fact that the relative abundance of an important MS 2 -fragment was inversely proportional to the size of the side chain in the variable amino acid Xaa. 22 This was reflected by a perfectly linear correlation (y = -0.66ν + 2.33; r 2 =0.997, n=5) between the logarithm of the fragment's relative abundance (y) and the Charton parameter, ν, 67 associated to the side chain of each different Xaa. 22 These findings prompted us to engage into an empirical search for other correlations between MS 2 -fragmentation behaviour of the other two families of PQ imidazolidin-4-ones, namely, PQPro mimetics (represented by series 4 and 5) and PQXaaPro mimetics (represented by series 6 and 7) with relevant physicochemical descriptors. Results obtained are described below. Imidazolidin-4-one ring opening in PQPro mimetics In order to establish a parallel for imidazolidin-4-one ring opening in aqueous media, 16 we set out to explore the extent of MS 2 -induced ring opening on a series of compounds 5, taken as representative of PQPro mimetics. This series was chosen to include different amino acids whose side chains (R 1 ) are associated to distinct values of the Charton steric parameter, ν. Previous studies have shown that protonated PQ imidazolidin-4-ones undergo ring opening in aqueous buffers at 60 ºC in a fashion similar to the first step on Scheme 2, 16 which was recently confirmed for compounds 6 and 7. 19 Therefore, we hypothesized that such ring opening could easily occur in the course of MS 2 -fragmentations, being followed by ammonia loss to yield ion 15. This hypothesis was based on the fact that ammonia loss is a common phenomenon on MS n -induced fragmentations of peptides and amino acid derivatives [68] [69] [70] including those bearing Xaa-Pro moieties. 71 Indeed, every MS 2 spectrum of the compound series analyzed displayed a peak compatible with structure 15, which reinforced our assumption. Consequently, we considered that the abundance of 15 could reflect the compound's relative stability and be used to find any correlation between compound stability and structure. the negative slope obtained indicates that steric crowding imposed by the amino acid's side chain r 1 does not favor, or delays, the formation of ion 15. this is astonishingly coincidental with our previous findings in aqueous medium, as reported in reference 16. In this former work, a parallel correlation was found, for the same compounds, between log k neut (apparent first-order rate constant for ring opening in the neutral imidazolidin-4-ones 5) and the charton steric parameter (log k neut = -1.30n -0.75; r 2 = 0.993, n = 4). 16 
Imidazolidin-4-one ring opening in PQXaaPro mimetics
Motivated by the above results, we searched for similar correlations in PQXaaPro mimetics, taking compounds 6 as representative of this family. to that purpose, we selected the most relevant fragment reflecting imidazolidin-4-one ring disruption on compounds 6, associated with an m/z value 75 amu lower than that of the corresponding unfragmented quasimolecular ion [M + H] + . 22 Such mass loss corresponds to ring opening with the departure of isopropylamine plus dehydration, to yield ion 16, so we took the relative abundance of this ion as an indirect measure of the relative ring stabilities within a subset of compounds 6 having Gly directly attached to PQ (r 1 = H) and varying amino acids forming the imidazolidin-4-one ring (r 2 = H, Me, Bzl, iPr and iBu). The negative slope obtained indicates that steric crowding imposed by the amino acid's side chain R 1 unfavors or delays the formation of ion 15. This is astonishingly coincidental with our previous findings in aqueous medium, as reported in reference 16. In this former work, a parallel correlation was found, for the same compounds, between log kneut (apparent first-order rate constant for ring opening in the neutral imidazolidin-4-ones 5) and the Charton steric parameter (log kneut= -1.30ν -0.75; r 2 =0.993, n=4). 16 The correlation between the relative abundance of ion 16, for the subset mentioned above, and the value of ν associated to each R 2 , was analyzed ( Figure 7) . Once more, this correlation perfectly matches our previous findings concerning the relative rates of ring opening for compounds 6 in aqueous medium. 19 the correlation between the relative abundance of ion 16, for the subset mentioned above, and the value of ν associated to each r 2 , was analyzed ( Table 2 . Relative abundance of species 15 (MH + -17) resulting from MS 2 fragmentation of compounds 5d, 5e, 5f and 5h at NCE = 30% and the Charton steric parameter, n, 67 associated to each R 1 . was again inversely proportional to the size of r 2 . the linear fit is very good if all the five points are considered (r 2 = 0.96, n = 5) and becomes excellent when one of those points (r 2 = iPr) is excluded (r 2 = 0.99, n = 4), reinforcing the significance of the correlation found ( figure 7) . once more, this correlation perfectly matches our previous findings concerning the relative rates of ring opening for compounds 6 in an aqueous medium. 19 finally, we would like to stress that four to five different compounds were used to establish each one of the above correlations, as the use of four to five experimental points is a common procedure to establish these kinds of structure-[re]activity correlation in therapeutically relevant compounds. [72] [73] [74] [75] 
Conclusion
In-source cID and MS/MS spectral analyses of peptidomimetic imidazolidin-4-one derivatives of an antimalarial drug, primaquine, were carried out and are described in the present report. In-source cID spectra were found to reflect the overall compound's relative reactivity under physiological conditions, as compared to data from previous stability studies in aqueous media. Moreover, MS/MS analysis provided a means to distinguish between isomeric PQXaaPro and PQProXaa mimetics, as key fragmentations were different between both families, which only differed at the position where the imidazolidin-4-one ring was inserted. Last, but not least, correlations were found between the relative abundances of key MS 2 -generated fragments and relevant physico-chemical descriptors, namely, the charton steric parameter associated to amino acid side chains. to the best of our knowledge, nothing of this kind has been reported by others.
overall, the present work is relevant to consolidate ESI-MS as a key tool for drug analysis and characterization. Specifically in what concerns therapeutically relevant agents bearing the imidazolidin-4-one scaffold or related peptidomimetic structural motifs, our findings show that ESI-MS techniques, both through in-source cID spectra or MS/MS analysis, are reliable tools for stability predictions in aqueous media at physiological pH and T, providing that a suitable choice of key fragmentations is made. As far as we know, this type of correlation analysis has never been approached by other authors.
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